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Spontaneous breathing 
during anaesthesia: 
first, do no harm
ABSTRACT
Controlled respiration and mechanical ventilation have long been part of anaesthetic practice. Modern surgery, anaesthetic 
techniques, and new agents require a reappraisal of this established habit. In many circumstances the adverse effects of 
mechanical ventilation can be avoided by the use of the laryngeal mask and allowing spontaneous ventilation. In addition 
to the more prominent advantages, such as less sore throat, reliable assessment of anaesthetic depth, and good recovery, 
there may be more subtle advantages such as improved cardiopulmonary interaction, better distribution of ventilation, and 
reduced mechanically induced lung damage. Some of these advantages may be also applied during mechanical ventilation, 
by allowing continued muscle activity or continuously varying the size of the tidal breaths.Mechanical ventilation is often 
unnecessary and may be harmful.
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Introduction
What factors affect the way anaesthetists 
choose their techniques? In large part, 
training and subsequent habit may be 
responsible. The availability of equipment 
and different drugs may also alter their 
choices, or even, in the subservient, the 
opinions and preferences of the surgeon: 
only rarely is scientific evidence used to 
inform them. Textbooks are excellent 
sources of “eminence based” advice, 
and only rarely offer substantiation.
Endotracheal intubation for anaesthesia 
was popularised by Ivan Magill and 
Stanley Rowbotham. They developed 
the apparatus used for “insufflation 
anaesthesia” where gases were blown 
into the trachea though a narrow tube, 
and allowed to spill out through the 
otherwise open airway. This technique 
proved unsatisfactory for anaesthetising 
patients undergoing plastic surgery to 
the head and neck, victims of injuries 
from the 1914-18 war. A wider tube 
allowing to and fro motion of the gases 
was better. They reported a case series 
of 3000 in 1921, and passed on their 
expertise to many, including Harold 
Griffith, who went on to present his own 
series of more than 1,500 cases ten 
years later. (1) It was Harold Griffith 
who later introduced curare into clinical 
practice in 1942. Long before he 
made this seminal advance, he had 
recognised the value of endotracheal 
intubation, not for head and neck 
procedures, but to provide good 
operating conditions during abdominal 
surgery. Without relaxants, he and 
others such as Guedel were rendering 
patients apnoeic and “relaxed” with 
cyclopropane, and manually providing 
positive pressure ventilation. In large 
part it was his familiarity with these 
methods that gave him the confidence 
to use muscle relaxants so well. (1)
We live and work in a different age: 
what reasons do we have, today, to 
place endotracheal tubes, paralyse 
and mechanically ventilate? There 
are many, but I suspect that the most 
potent are that it’s possible, usually 
easy, convenient, and secure. This 
review will consider some of these 
aspects, and go on to consider some 
possible disadvantages which are less 
frequently considered. I make some 
suggestions to support spontaneous 
ventilation during anaesthesia as a 
better option for many patients.
Homeostasis is a concept popularised 
by Claude Bernard. (2) He argued that 
a constant internal environment was 
important for the survival of free-living 
animals, exposed to wide variations in 
their external environment. Medicine 
has been markedly affected by this 
dictum, and many anaesthetists strive 
to keep their patients “normal”. Since 
anaesthesia itself already represents 
a “physiological trespass” (3), the aim 
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diac cycles (figure 2). The value, if any, 
of this link remains unclear. The likely 
feature is that this too will improve gas 
exchange, as does sinus arrhythmia, but 
this is not yet proven. However there is 
no doubt that regular mechanical venti-
lation will prevent it.
Regular mechanical ventilation also 
exposes the lung to damage. Partic-
ularly in patients with lungs that are 
already exposed to damaging factors, 
such as sepsis, mechanical ventilation 
is harmful. This damage can be caused 
both by excessive stretch of lung tissue 
(9), and also by high flow rates through 
airways at low lung volumes. (10,11) 
However, even if steps are taken to 
minimise these effects, the mere regu-
larity of mechanical ventilation appears 
to cause harm by the repeated applica-
tion of stress to the same parts of the 
lung tissue. If the size and duration of 
the breaths are continuously changed 
so that the distribution of tidal volumes 
represents normal statistical variabil-
ity, then the impact on lung function is 
prevented (figure 3). (12,13)  Although 
patients breathing spontaneously dur-
ing anaesthesia have a more stable 
respiratory pattern than while awake, 
their respiration does vary spontane-
ously, and this is sufficient to prevent 
deterioration in lung function.
Another factor that appears to improve 
lung function, even when ventilation 
is predominantly artificial, is the per-
sistence of activity in the respiratory 
muscles. For example, Hedenstierna 
and colleagues showed that stimulation 
of the diaphragm during anaesthesia 
could reduce the degree of atelecta-
sis that occurred during mechanical 
ventilation (14) and that spontaneous 
breathing allowed better gas exchange 
than mechanical ventilation (figure 4). 
(6) Animal studies show that persist-
ent diaphragm activity ameliorates the 
effects of mechanical ventilation. (15)
It seems that many of the features of 
normal breathing: muscle activity, vari-
ation in breath size, and coordination of 
the heart with the respiratory cycle, offer 
advantages in terms of lung function. 
Are there equivalent disadvantages that 
can we avoid, by allowing our patients 
to breathe?
The enormous success of the laryngeal 
mask (LMA) has clearly rejuvenated 
interest in spontaneous breathing. The 
results of lung function tests are better 
after surgery when the LMA is used, 
in contrast to the endotracheal tube 
(16), probably because of less tracheal 
irritation. Since insertion doesn’t require 
muscle paralysis, there is much less 
obligation to mechanically ventilate. 
Even when mechanical ventilation is 
applied during laparoscopy, there 
appears to be no difference in outcome 
between patients that are intubated and 
those in whom an LMA is used. (17) 
A further advantage of avoiding mus-
cle relaxants is that we can avoid the 
consequences of incomplete reversal, 
Figure 1. The effects of sinus arrhythmia on gas exchange in anaesthetised 
dogs: the rhythm changes were either removed, restored artificially by vagal 
nerve stimulation or reversed. Gas exchange is optimal with the normal 
pattern. Data from Hayano, Yasuma, Okada, et al. Circulation 1996 94 842-7
of these anaesthetists is to maintain 
alveolar ventilation and pulmonary gas 
exchange by mechanical ventilation, 
and additional interventions such 
as positive end-expiratory pressure, 
despite any convincing data to demons-
trate improved outcome. Homeostasis- 
normal values - has become a desirable 
outcome although rarely a proven 
benefit 
In fact, in some respects mechanical 
ventilation appears to be less efficient. 
Chest wall movement and regional ven-
tilation are very different during mechan-
ical ventilation (4), and measures of 
gas exchange efficiency such as dead-
space and shunt are not improved. 
(5,6) In part this may be caused by 
altered distribution of ventilation, but 
blood flow distribution may also be 
affected. For example, the natural link 
between heart rate and the respiratory 
cycle (sinus arrhythmia) is disturbed 
by imposing mechanical ventilation. If 
this link is abolished or reversed, the 
efficiency of gas exchange is reduced 
(figure 1). (7)
Although the link between respiration and 
heart rate, predominantly by lung stretch 
gating cardiac vagal efferents, is widely 
accepted, a link between cardiac activity 
and the initiation of inspiration is less well 
known. However during natural sleep, 
sedation, and anaesthesia, this link is 
frequently apparent. (8) A heart beat trig-
gers the onset of a breath, so that there 
is often an integer ratio between heart 
beats and breath cycles, say 3 beats 
per cardiac cycle, and changes in breath 
duration appear to be in “units” of car-
Figure 2. Distribution of breath du-
ration in normal subjects during iso-
flurane anaesthesia. Breath duration 
is related to the heart rate in a quantal 
fashion. Data modified from Larsen, 
Tzeng and Galletly, Br J Anaesth 
2003 91,184-9
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which remains a common problem (18) 
(figure 5) although things do seem to be 
getting better. (19) An advantage that is 
often claimed for the endotracheal tube 
is protection from aspiration of gastric 
contents. Although in many emergency 
circumstances an endotracheal tube is 
prudent, in routine elective clinical prac-
tice, regurgitation of gastric content 
is rare and adverse effects even less 
common. (20)
However there is no doubt about one 
advantage of not using muscle relax-
ants and allowing patients to breathe: 
we have no doubt that they are prop-
erly anaesthetised! Patients continue 
to worry that they may be aware during 
anaesthesia. They are considerably 
more reassured when they are told that 
they will not receive relaxants, and that 
any signs of inadequate anaesthesia 
would be promptly apparent and easily 
recognised, rather than having to be 
reliant on more subtle signs and devel-
oping technology which is not 100% 
reliable. (21) When we avoid relaxants 
and use the anaesthetic to immobilise 
as well as obtund, then we can be sure 
that the patient is unconscious. This is 
true of volatile agents, (figure 6) and 
injected agents such as barbiturates 
and propofol (22,23) but may not be so 
when large doses of opioids are given.
Much modern anaesthesia is carried 
out on a day case basis (24), and much 
of this is conducted using the laryngeal 
mask. (25) In these circumstances, 
spontaneous ventilation is a simple and 
practical strategy. No doubt, the milieu 
intérieure may change a little: respira-
tory depression and hypercapnia are 
almost inevitable. However there is no 
evidence that this is harmful: indeed 
some evidence shows that the subcuta-
neous circulation, important for wound 
healing, may be better perfused and 
oxygenated in these circumstances 
(26) although there is to date no direct 
evidence that wound healing or wound 
infection rates are affected.
Figure 3. The effects of prolonged ventilation during anaesthesia on lung 
function. The dashed line indicates the effects of regular uniform ventilatory 
pattern: the solid line indicates ventilation with a variable pattern, where 
tidal volume varied and frequency varied reciprocally to maintain a constant 
exhaled minute volume. Gas exchange efficiency gradually deteriorates with 
regular ventilation. Data from Mutch et al (2000) Br J Anaesth 84 197-203
Figure 4. Measures of lung perfor-
mance comparing anaesthesia with 
spontaneous ventilation (columns 
marked S) and with muscle paralysis 
and ventilation (columns marked P). 
paralysis and mechanical ventilation 
is associated with more atelectasis, 
and impaired gas exchange. Data 
from Tokics et al Anesthesiology 
1987 66 157-167
Figure 5. Pulmonary complications 
are frequent if incomplete neuro-
muscular block is present at the end 
of surgery. Data from Berg et al.. Acta 
Anaesth Scand 1997; 41: 1095-103.
Figure 6. Cumulative distribution 
of time of onset of two features 
of anaesthesia during inhalation 
induction. Square symbols: loss 
of muscle tone in the arm. Round 
symbols: loss of motor response 
to painful stimulus. Note the lack 
of overlap of the two features. Data 
from Thompson and Drummond, Br J 
Anaesth (2001) 87 203-6
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So Claude Bernard’s milieu may be 
disturbed, at least a little, if we let our 
patients breathe for themselves, but 
there is no doubt that this great scien-
tist had another, perhaps more impor-
tant message that we should follow: 
“L’expérimentateur doit douter, fuir 
les idées fixes, et garder toujours sa 
liberté d’esprit” (The experimenter 
should doubt, discard preconcep-
t ions, and always keep an open 
mind).
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